Background Operative treatment of displaced midshaft clavicle fractures reportedly decreases the risk of symptomatic malunion, nonunion, and residual shoulder disability. Plating these fractures, however, may trade these complications for hardware-related problems. Low-profile anatomically precontoured plates may reduce the rates of plate prominence and hardware removal. Questions/purposes We compared the outcomes after precontoured and noncontoured superior plating of acute displaced midshaft clavicle fractures. Primary outcomes were rate of plate prominence, rate of hardware removal, and rate of complications. Secondary outcomes were ROM and pain and function scores. Patients and Methods We retrospectively reviewed 52 patients with 52 acute, displaced midshaft clavicle fractures treated with either noncontoured or precontoured superior clavicle plate fixation. Fourteen patients with noncontoured plates and 28 with precontoured plates were available for followup at a minimum of 1 year postoperatively. Postoperative assessment included ROM,
Introduction
Fractures of the clavicle account for 5% to 10% of all fractures, with injuries of the middle third of the clavicle accounting for 80% of these cases [22] . Even when substantially displaced, midshaft clavicle fractures were traditionally treated nonoperatively based on early studies suggesting nonunion rates of less than 1% [17, 25] . Many of these studies, however, failed to assess patient-oriented outcome measures that may have revealed residual functional deficits and dissatisfaction in those treated without surgery. More recent literature has suggested the incidence of nonunion with nonoperative treatment of displaced midshaft clavicle fractures approaches 15% or higher [10, 18, 24, 31] . Furthermore, patients with malunion or nonunion are at risk for substantial residual disability of the injured extremity [10, 14, 15, 18, 20, 29] .
In recent literature, the operative treatment of clavicle fractures reportedly shows lower rates of long-term sequelae related to these injuries, specifically lowering the incidence of symptomatic malunion and nonunion and improving functional outcomes [2] . The optimal implant for clavicle fixation remains controversial. Intramedullary fixation of clavicle fractures is one surgical option supported in the literature [13, 27] . However, most intramedullary devices are smooth and lack compression at the fracture site with potential for pin migration. Newergeneration devices designed with a differential pitch may minimize these complications [27] . A recent meta-analysis reported operative management with compression plating reduced the clavicle nonunion rate from 15.1% to 2.2% [31] . Given this evidence of improved outcome with operative treatment, plate fixation of the clavicle is now widely accepted and used as a treatment modality, with a low rate of fixation failure [8, 31] . Plate fixation of the clavicle, however, presents several unique demands, including its complex bony architecture and its immediate subcutaneous location [16] .
Precontoured clavicle plates have been introduced to address the challenges of clavicle fixation, with several proposed benefits (Fig. 1A) . The plates are designed to fit the anatomic shape of the natural clavicle, eliminating the need for plate contouring at the time of surgery, which decreases operative time and potentially lessens the risk of plate fatigue fracture ( Fig. 1B) [11] . In a study of 200 cadaveric clavicles, precontoured anatomic clavicular plates fit the curvature of the superior surface of the clavicle in a majority of patients; the plates were less conforming in white females and when placed more laterally along the clavicle [11] . In comminuted injuries, the plates may even act as a template for fracture reduction. The low profile and beveled edges of the plates are thought to reduce the incidence of postoperative hardware prominence and potentially decrease the need for reoperation and hardware removal. Finally, while strong enough to allow for early rehabilitation, the titanium composition of most precontoured plates is thought to diminish stress shielding, as its modulus of elasticity is closer to that of native bone than traditional stainless steel [30] . Biomechanically, the properties of the precontoured titanium plate are at least equivalent to those of a noncontoured plate. In a cadaveric osteotomy model, no postplating difference in axial tension, axial compression, torsional tension, and torsional compression was observed between precontoured titanium clavicle plates and 3.5-mm noncontoured plates [9] . The stiffness of the plates was also similar, leading the authors to conclude the two plates are biomechanically equivalent. In spite of anatomic and biomechanical data demonstrating precontoured plates are at least equivalent to noncontoured plates [9, 11] , it is unclear whether the proposed benefits of precontoured plates are realized in a clinical setting.
We compared the outcomes after precontoured and noncontoured superior plating of acute displaced midshaft clavicle fractures. Primary outcomes were rate of plate prominence, rate of hardware removal, and rate of complications. Secondary outcomes were ROM and pain and function scores.
Patients and Methods
We retrospectively reviewed all 52 patients with acutely displaced (1.5-cm shortening or greater with at least 100% cranial-caudal displacement) midshaft clavicle fractures treated with plate fixation from January 2000 to January 2009. The indications for surgery included: fractures with greater than 1.5 cm of clavicle shortening with substantially displaced fracture fragments lacking cortical apposition or impending skin compromise secondary to displaced fracture fragments. The contraindications for included: closed fractures with less than 1.5 cm of shortening with apposing fracture fragments and no evidence of impending skin compromise. None of the 52 patients sustained an open fracture nor had concomitant coracoclavicular ligament reconstruction at the time of surgery. Five patients were unwilling to participate, all of whom underwent precontoured plating, and an additional five patients, two with noncontoured and three with precontoured plates, could not be contacted. The study group therefore comprised 42 of the 52 patients (81%). The minimum followup for inclusion was 1 year. Data were obtained from medical records, radiographs, and outcome questionnaires completed at followup.
Fourteen of the study patients had noncontoured plating of the clavicle, and 28 had precontoured plating. The two groups were similar for all demographic variables ( Table 1 ). There were no major medical comorbidities identified in the patients of either group. With the exception of one patient in the noncontoured group, all patients were nonsmokers. Two Workers Compensation patients were identified, both in the precontoured group. Mean followup was higher (p \ 0.01) in the noncontoured group (7.1 years; range, 5.2-9.9 years) than in the precontoured group (3.3 years; range, 1.1-6.5 years).
An a priori power analysis to determine sample size was performed for the primary outcomes of interest including rates of plate prominence and hardware removal. Based on published studies and our clinical experience, we expected a large effect size, as classified by Cohen [5] . Chandrasenan et al. [3] reported a 60% removal of hardware rate with noncontoured plating versus 0% with precontoured plates. Reported rates of clavicle plate removal range from 0% to 76.7%, depending on the type of plate [3, 4] . We expected a 50% reduction in rate of hardware removal with precontoured plates. With an average rate of hardware removal of 45% for noncontoured plates, a 50% reduction in hardware removal with precontoured plates would result in an effect size of 0.452. For an effect size of 0.452 with p \ 0.05, we determined a sample size of approximately 39 patients would provide adequate power (a [ 0.80). Power analysis was performed with PASS software (NCSS, Kaysville, UT).
The mean (± SD) time from injury to surgery was 8.2 ± 6.7 days in the noncontoured group and 12.5 ± 8.8 days in the contoured group (p = 0.12). The most common mechanisms of injury were fall (19) , sportsrelated injury (17) , and motor vehicle trauma (six). All fractures were at the midshaft of the clavicle, with the majority either comminuted (25) and/or with a displaced or butterfly fragment present (20) .
Plates used in the noncontoured group included a 3.5-mm Dynamic Compression Plate (DCP) (Synthes, Inc, West Chester, PA) in four patients, the 3.5-mm Locking Compression Plate (LCP) (Synthes) in two, a 3.5-mm Limited Contact Dynamic Compression Plate (LC-DCP) (Synthes) in four, and a 3.5-mm reconstruction plate in four. In the precontoured group, the Locking Clavicle Plate (Acumed, Hillsboro, OR) was used in all 28 cases. All plates were placed in a superior position on the clavicle. No intraoperative complications were reported in any patient.
Postoperatively, the affected extremity was immobilized in a sling for 2 weeks. During this time, the sling was removed at least four times a day for active ROM of the elbow and pendulum exercises of the shoulder. At 2 weeks, the patient was evaluated by the treating physician, the wound assessed, and new clavicle radiographs evaluated. Between Weeks 2 and 6, the patient received supervised physical therapy limited to passive ROM of the shoulder and active ROM of the elbow. Patients returned for repeat radiographs, wound inspection, and shoulder ROM assessment at 6 weeks. Active ROM and active assisted ROM of the shoulder occurred between Weeks 6 and 12 postoperatively. At 12 weeks, wound healing, shoulder ROM, and radiographic evidence of fracture healing were again documented by the treating physician. Progressive strengthening exercises were started at 12 weeks if the patient achieved full ROM and there was clinical and radiographic evidence of healing. The patient was evaluated again at 1 year or earlier if any issues arose.
We retrospectively reviewed the charts of the 42 study group patients for demographic and injury information. Preoperative radiographs were analyzed to determine the fracture pattern (including comminution and cranial-caudal displacement) and amount of preoperative fracture shortening. Postoperative ROM was assessed by the performing surgeon at the last office visit. Additionally, radiographic fracture healing and complications (plate prominence, wound infection, adhesive capsulitis, fracture nonunion, refracture after hardware removal) were recorded. A complication was further defined as hardware-related when it was hardware prominence or failure. Patients were contacted by mail and by telephone at the time of the study to complete outcome questionnaires including visual analog scale (VAS) pain score [28] , American Shoulder and Elbow Surgeons (ASES) questionnaire [23] , and Simple Shoulder Test (SST) [7] . The date of questionnaire completion was documented as the date of followup. Thorough review of patient records enabled complete data collection, resulting in no missing data. Descriptive statistics, including measures of central tendency and dispersion for continuous variables and frequency counts for categorical variables, were calculated for all variables. Comparisons between the two study groups (noncontoured versus precontoured plating) for the primary outcomes (rate of plate prominence, rate of hardware removal, and rate of complications) were performed using Fisher's exact test. Comparisons between the two groups for the SF-36, ASES, SST, and VAS scores and ROM were performed using a two-tailed unpaired t test. Statistical analysis was performed with SAS 1 software (Version 9.1; SAS Institute Inc, Cary, NC).
Results
Prominent hardware was reported postoperatively in nine of 14 patients (64.3%) of the noncontoured group and nine of 28 patients (32.1%) of the precontoured group (p = 0.05) ( Table 2 ). Three of 14 (21.4%) of the noncontoured patients and three of 28 (10.7%) of the precontoured patients ultimately underwent elective removal of hardware for plate prominence (p = 0.22). The noncontoured plates removed included one DCP, one LC-DCP, and one 3.5-mm reconstruction plate. The mean time to hardware removal was similar (p = 0.18) in the noncontoured group (23.8 ± 5.0 months; range, 20.6-29.7 months) and precontoured group (17.2 ± 5.1 months; range, 11.4-21.3 months).
Overall complication rates (including plate prominence) were similar (p = 0.13) in the noncontoured (nine of 14, 64.3%) and precontoured groups (11 of 28, 39.3%) (Fig. 2) . Excluding plate prominence, these rates similarly decreased to 0% (none of 14) and 14.3% (four of 28), respectively (p = 0.28). In the noncontoured group, plate prominence was the only postoperative complication reported (Fig. 3) . In the precontoured group, there were four additional complications, including one patient with adhesive capsulitis successfully managed nonoperatively, one wound infection requiring operative débridement, and one nonunion requiring revision internal fixation with bone grafting. There was also one case of clavicle refracture in a patient after hardware removal; the plate had been removed at 11.4 months after the initial surgery. Excluding patients who underwent removal of hardware, the overall revision rate was not different (p = 0.53) for the two groups, at 0% in the noncontoured group and 10.7% (three of 28) in the precontoured group.
In the study group as a whole, there was no difference (p = 0.72) in the mean body mass index (BMI) between patients with prominent hardware (24.2) and those without prominent hardware (24.6) . Within the noncontoured group alone, there was no difference (p = 0.88) in BMI between those patients with (23.9) and without (24.2) prominent hardware. This was also true in the precontoured group, with a mean BMI of 24.4 and 24.7 in those with and without prominent hardware, respectively (p = 0.86). In the study group as a whole, sex did not influence the likelihood of postoperative plate prominence. Five of 10 female patients (50%) and 13 of 32 male patients (40.6%) complained of plate prominence (p = 0.27).
There was no difference in any parameter for postoperative ROM between the two groups ( Table 3 ). There was also no difference between groups in postoperative VAS, ASES, or SST scores (Table 3) .
Discussion
Although many patients can still be successfully managed nonoperatively [18] , the current literature has highlighted specific clavicle fracture types that may benefit from operative intervention to avoid malunion or nonunion and their potential long-term sequelae [10, 14, 15, 19, 20, 29] .
A prospective randomized study of nonoperative treatment versus plate fixation of displaced midshaft clavicle fractures demonstrated better functional outcomes, a lower incidence of symptomatic malunion, and a lower rate of nonunion after plate fixation [2] . Low-profile precontoured plates that anatomically fit the superior clavicle may reduce the rate of hardware prominence and hardware removal. Anatomic and biomechanical studies demonstrated precontoured plates are at least equivalent to noncontoured plates [9, 11] . However, few published data exist determining the clinical utility of the precontoured clavicle plate or comparing clinical outcomes after precontoured and noncontoured plating [9, 11] . We therefore compared the complications, especially hardware-related problems, and patient ROM, pain, and function after precontoured and noncontoured plating of the clavicle. There are several limitations to our study. First, it is retrospective in nature. We relied on patient records in collecting the data for the study variables. Although records for each patient were complete, there is a possibility that minor complications may have been missed at widely separated followup visits. Second, our mean followup was higher in the noncontoured group (7.1 years) than in the precontoured group (3.3 years) . This is expected given that the precontoured plates were more recently introduced. Third, the size of our study was also limited because of the low frequency of noncontoured clavicle plating at our institution over the past 10 years. Because of the small numbers, our study may have lacked the statistical power necessary to detect differences in certain variables between the two groups, committing a Type II error. Fourth, all plates were placed superiorly on the clavicle. Complications related to plate prominence become less relevant when discussing anteroinferior plating that places the hardware in a less subcutaneous location [6] . Thus, our findings cannot be generalized to clavicle plating in other locations. Fifth, the heterogeneity of the plates in the noncontoured group and the low frequency of their individual utilization make it impossible to determine superiority of a specific type of noncontoured plate when compared to the others and to precontoured plates.
Whether noncontoured or precontoured plates are selected for use in internal fixation, the rate of hardwarerelated complications remains high [2, 21, 26] . Few published data exist on the clinical efficacy of the precontoured clavicle plate (Table 4 ). A recent abstract retrospectively analyzed 30 patients with plating for displaced midshaft clavicle fractures, 15 with noncontoured plating and 15 with precontoured plating [3] . At a mean of 18 months postoperatively, no patients in the precontoured group had undergone removal of hardware. In the noncontoured group, nine patients (60%) had removal of their plate: two for plate breakage, five for soft tissue irritation, and two for painful nonunion. The authors concluded there were fewer complications and a lower need for plate removal in the precontoured group. Our results demonstrate a high rate (64.3%) of hardware prominence in the noncontoured group, but a lower rate of hardware removal (21.4%) than that reported in the published abstract. The abstract authors did, however, include acute fractures, as well as nonunions and malunions, in their analysis, which may have biased their results toward a less favorable outcome; in contrast, our study only included acute midshaft fractures of the clavicle.
In our series, prominent hardware was reported in nine of 14 (64.3%) noncontoured patients and nine of 28 (32.1%) precontoured patients, suggesting double the rate of hardware-related complications may be expected with noncontoured plating. Although lower than the rates in some previously published studies [4, 12] , our overall reoperation rate for hardware removal also remained relatively high (21.4% and 10.7% in the noncontoured and precontoured groups, respectively).
Our overall complication rates were consistent with or lower than rates previously published in the literature [1, 2, 21] . In an analysis of postoperative complications after clavicle fixation, Bostman et al. [1] reported an overall 23% rate of postoperative complications, with a 14% rate of reoperation. Higher complication rates were noted in severely comminuted injuries. The Canadian Orthopaedic Trauma Society [2] recently reported an overall complication rate of 17.7% with operative fixation in their prospective randomized clinical trial of nonoperative versus operative intervention. Excluding hardware removal, the reoperation rate in our series was 0% in the noncontoured group and 10.7% in the precontoured group. We demonstrated an overall 0% and 14.3% rate of postoperative complications in the noncontoured and precontoured groups, respectively. Given the smaller number of patients in the noncontoured group, statistically we are unable to determine from the present study whether an actual increased rate of complications is experienced in patients with precontoured plating.
In conclusion, the treatment of displaced midshaft clavicle fractures with either noncontoured or precontoured plating offers a return to baseline shoulder function, a high fracture union rate, and a low complication rate. Although future investigation will be needed to determine the costeffectiveness of the precontoured plate, our data suggest a decrease in hardware-related complications can be expected with the use of this device in the management of displaced clavicle fractures. Specifically, precontoured plating decreases postoperative hardware prominence.
